This prospective study compared the extent of surgical trauma following dynamic hip screw (DHS) or Gamma nail (GN) implantation in 60 patients (≥ 60 years old) with stable intertrochanteric fracture. Levels of the biochemical markers creatinine kinase (CK) and C-reactive protein (CRP) were measured pre-and postoperatively. CRP levels were statistically significantly lower on postoperative days 1 and 2 in patients in the DHS versus the GN group; no other differences were observed.
Introduction
Various reports confirm that serum levels of creatinine kinase (CK) or C-reactive protein (CRP) increase following orthopaedic surgery. 1 In many studies, CK and CRP have been used as biomarkers of perioperative muscle damage 2 -6 and postoperative inflammatory reaction. 7 -9 With rapid increases in the proportions of elderly people being observed in many developed societies, intertrochanteric fractures are now more frequently encountered; 10 such injuries have the potential for considerable socioeconomic impact. The screw-plate system, which uses the dynamic hip screw (DHS), and the intramedullary system, which uses the Gamma nail (GN), are two types of orthopaedic implant for osteosynthesis that are widely used in the management of intertrochanteric fracture. 10 Although both fixation systems are associated with different rates of blood loss, fracture healing, W Song, Y Chen, H Shen et al. Biochemical marker levels following intertrochanteric fracture surgery postoperative complications and functional recovery, 10 -14 they are considered to provide equally satisfactory outcomes for the treatment of stable intertrochanteric hip fractures, classified by the Association for Osteosynthesis/Association for the Study of Internal Fixation (AO/ASIF) 15, 16 as AO/OTA 31.A1 and 31.A2. 17, 18 To our knowledge, CRP and CK levels have not previously been evaluated in patients undergoing DHS or GN following stable intertrochanteric fracture. Thus, the present study aimed to provide a prospective comparison between DHS and GN, by assessing levels of both CK and CRP to ascertain the degree of bone, bone marrow and muscle tissue damage that occurs following the use of these fixation systems. 
Patients and methods

PATIENTS
ASSESSMENTS
To identify any differences between either surgical technique, CK and CRP levels were analysed in serum samples taken preoperatively, immediately postoperatively and on postoperative days 1, 2 and 4. Blood samples (4 ml) were drawn from the superficial forearm vein into BD Vacutainer ® tubes (BD Biosciences, San Jose, CA, USA) and allowed to clot at room temperature for 1 h, followed by centrifugation at 2000 g for 10 min to collect serum. Serum samples were stored at -80 °C until analysis. Analysis of CK was done using a Roche Hitachi 912 chemistry analyser (Roche, Basel, Switzerland) and analysis of CRP was done using an immunoturbidometric technique on a Behring BNII autoanalyser (Dade Behring, Brookfield, CT, USA) according to the manufacturers' instructions. The normal values used in this study were < 10 mg/l for CRP and 38 -174 U/l for CK.
Patients' haemoglobin levels were evaluated using a Sysmex XE-2100 analyser (Sysmex East Asia, Kobe, Japan) (normal ranges: males 120 -160 g/l; females 110 -150 g/l).
OPERATIVE PROCEDURES
All patients were positioned on a standard traction table in a supine position and all surgical procedures were performed under an X-ray amplifier (BV Libra; Philips Healthcare, Best, The Netherlands). Preoperatively, all patients received lowmolecular weight heparin calcium injection (GlaxoSmithKline, Uxbridge, UK) subcutaneously for thromboembolic prophylaxis, and antibiotics (typically cefazolin or second-generation cephalosporin) intravenously.
The DHS (Synthes, West Chester, PA, USA) W Song, Y Chen, H Shen et al. Biochemical marker levels following intertrochanteric fracture surgery and GN (Stryker, Kalamazoo, MI, USA) fixation procedures were undertaken according to the manufacturers' protocols. For DHS fixation, an incision of 4 -6 cm was made and the iliotibial band and muscle were split with a scalpel. A Cobb dissector was then used gently to sweep the musculature off the intermuscular septum so as to allow identification and electrocoagulation of the perforators. Fluoroscopy was used to confirm satisfactory positioning of a 135° angle guide wire and, after reaming, the lag screw was introduced by retracting the soft tissue with a retractor. The guide wire was removed and the plate was slid over the previously inserted lag screw by matching the slot of the lag screw with the barrel of the plate. The side plate screws were placed in the usual manner by retracting the skin and subcutaneous tissue with a right-angle retractor.
For GN, the GN device was inserted using a lateral mini-approach 2 cm proximal to the tip of the greater trochanter. After guide wire insertion at the greater trochanter entry point, the proximal femur was reamed to accommodate the nail with protection sleeve or baffle. Once the nail had been placed with the targeting device, the lag screw was inserted using a guide wire to determine lag screw length and position. Finally, the distal locking screw was inserted through the targeting device.
As recommended previously, 19 the surgeons endeavoured to interlock the lag screw as close as 5 mm into the subchondral bone through the lowest third of the neck in the anteroposterior view of the pelvis and the middle part of the neck in lateral X-ray. Depending on the conditions of the wound, a drainage system was utilized, if required.
STATISTICAL ANALYSES
Statistical analyses were carried out using the SPSS ® statistical package, version 15.0 (SPSS Inc., Chicago, IL, USA) for Windows ® . One-way analysis of variance, the χ 2 -test and Fisher's exact test were used to evaluate the significance of differences between the two groups when appropriate. A P-value < 0.05 was considered to be statistically significant.
Results
Sixty patients aged ≥ 60 years with stable intertrochanteric fractures (AO/OTA 31.A1-31.A2) were recruited to the study and their clinical and pathological data for are summarized in Table 1 . No significant between-group differences were observed and there were no notable postoperative events, such as infections or myocardial infarctions. The shortest hospitalization time after surgery in either treatment group was 4 days. Table 2 shows the distribution of fractures across the DHS and GN groups, according to the AO/ASIF classifications. No significant between-group differences in fracture type were observed.
Levels of the biochemical markers (CK and CRP) for each surgical group showed some differences, but consistent parallel patterns with time. Preoperative CK levels were similar in both groups and increased in both groups postoperatively. Between-group differences in the mean CK level were not statistically significant at each time point, although CK levels were lower in the GN group. Peak CK levels were seen on day 1 postoperatively ( Fig. 1) .
Preoperatively, CRP levels were similar in the two groups and increased in all patients postoperatively.
The distribution of postoperative CRP levels had a characteristic pattern, although the maximum amplitude varied for all patients. In both groups, the peak CRP level was reached on the second W Song, Y Chen, H Shen et al. Biochemical marker levels following intertrochanteric fracture surgery postsurgical day, after which it decreased (Fig. 2) . The CRP level in the DHS group was significantly lower than that in the GN group on days 1 and 2, postoperatively (P < 0.05).
Discussion
Objective evaluation of the invasiveness of DHS and GN implant techniques in the present study, in patients undergoing surgery following stable intertrochanteric fracture, was based on assessment of perioperative CRP and CK levels. These are widely considered to be serological markers of muscle tissue damage and postoperative inflammatory change. The shortest hospitalization time after surgery in either treatment group in the present study was 4 days. Thus, CK and CRP levels were determined immediately after surgery and on postoperative days 1, 2 and 4.
Changes in serum CK levels have been reported as a result of skeletal muscle injury, and a correlation between surgical incision length and surgical approach has been identified. 20, 21 Theoretically, therefore, miniincision should reduce the level of injury observed in muscle groups surrounding the hip and reduce the postoperative increase in the serum CK level. 3 Although the average incision length with GN is shorter than with DHS, the degree of muscle damage (as indicated by levels of CK in serum) was not statistically significant between the groups in the present study. Muscle compression may have been a factor that caused the serum CK levels to increase following GN implantation since direct muscle compression is a common mechanism by which secreted factors from injured skeletal muscle can enter the blood circulation. 22 -25 Because no perioperative myocardial infarctions occurred, the changes in CK levels may be regarded as precisely reflecting the relative degree of skeletal muscle damage during surgery. The CRP level in serum can be used as a quantitative indicator for the postoperative evaluation of tissue trauma and systemic inflammatory reactions. 7, 9, 23, 26 In another study investigating surgical treatments following fracture, no relationship between changes in CRP level and age, sex, operation time, amount of bleeding, transfusion, drugs administered, or type of anaesthesia was observed. 27 Because no postoperative infections occurred in the present study, muscle-tissue damage should have been the sole cause of the increase in CRP levels, which are dependent on both the amount of injured tissue and the type of tissue damaged (i.e. skin, bone or muscle). 28 -30 Macrophages, which are important in the development of acute-phase proteins such as CRP, are commonly found in bone marrow but are less prevalent in muscle. 9 The main differences between both types of surgical implant used in the present study include the fact that DHS usually requires a relatively large exposure and a greater extent of softtissue dissection; in GN implantation, a greater level of destruction of bone and bone marrow occurs because of the greater trochanter apex openings and proximal femoral damage. Limited bone or bone marrow injury may, therefore, be one explanation for the lower peak levels of CRP that were observed after DHS fixation.
Limitations to the present study included the fact that only a small number of patients was included and that the serological tests may not have been sufficiently sensitive to differentiate between the slight variations in the effects on the muscle groups.
On the basis of the present study, clinicians should be aware that 'minimally invasive' procedures should place more
